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[0003] 

5 As a method of burying a trench having a high aspect ratio, there is a 

method of burying a trench with a silicon oxide film (hereinafter called HDP film) by 
high density plasm (HDP) CVD. However, recent semiconductor devices are made 
finer and an STI trench has a higher aspect ratio. If the aspect ratio is higher than 3, 
even an HDP film cannot be filled in the trench. As shown in Figs. 31 (a) and 31 (b), 
10 although an HDP film 36 is filled in a trench formed in a silicon substrate 1 , the upper 
portion of the trench is closed by the HDP film 37 and a void 32 is formed above the 
film 36 so that the trench is not buried perfectly. 



[0017] 

15 (1) First, as shown in Fig. 1(a) a buffer oxide film 2 is formed on a 

semiconductor substrate 1 by thermal oxidation. Next, for example, a silicon nitride ^ 

rn 

film is formed as a mask member 3 by low pressure chemical vapor deposition 

(LPCVD). >> 

[0018] > 

20 (2) As shown in Fig. 1(b), a photoresist pattern 4 covering active ^ 

regions is formed by photolithography. ni 

[0019] § 

T3 

(3) Next, as shown in Fig. 1 (c), by using the photoresist pattern 4 as -< 
a mask, the mask member 3 is etched and then the buffer insulating film 2 is etched. 

25 [0020] 

(4) As shown in 2(a), by using the mask member 3 as a mask, the 
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semiconductor substrate 1 is etched to form a trench 5 having a high aspect ratio of 
5 or higher, the trench being an element isolation region. 



[0041] 

5 Therefore, if the inner surface of the trench 5 is oxidized, after the 

oxidation process of the third example shown in Fig. 7(a), a silicon nitride film (Si3N 4 ) 
is deposited by LPCVD to a thickness of about 10 nm, preferably about 6 nm as 
shown in Fig. 10(a). Thereafter, processes similar to the first and second examples 
are executed. 

10 [0042] 

Namely, (1) as shown in Fig. 10(b), HDP films 6 and 7 are deposited 
in the trench 5. (2) As shown in Fig. 10(c), the HDP film 7 deposited on the side 
wall is etched and removed. This film 7 is etched with dilute hydrofluoric acid 
having selectivity relative to the silicon nitride film 1 3. Since this film 7 is etched, the 

15 oxide film 12 formed on the side wall of the trench 5 before the HDP film 6 is buried 
in the trench, is left unetched. (3) Next, as shown in Fig. 1 1(a), photoresist 10 is 
coated. (4) As shown in Fig. 1 1(b), resist 1 1 is left only in the trench 5. (5) As 
shown in Fig. 12(a), only the HDP film 7 on the mask member 3 is removed. (6) As 
shown in Fig. 12(b), the photoresist 1 1 in the trench 5 is removed. (7) As shown in 

20 Fig. 12(c), an HDP film 8 is deposited. (8) As shown in Fig. 13(a), the silicon oxide 
film 2 is polished to the height of the mask member 3 by CMP. (9) As shown in 
Figs. 13(b) and 13(c), the surface of the oxide film 9 is lowered its height, and the 
mask member 3 and buffer oxide film 2 are removed. With these processes, the 
element isolation regions 6 and 9 can be formed by STI. No damage layer to be 

25 caused by the HDP film is formed. 
[0043] 
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As shown in Fig. 13(c), the semiconductor device of the fourth 
example of the first embodiment is constituted of: the semiconductor substrate 1 
having the trench 5 in the surface layer; the silicon oxide film 12 formed on the 
bottom and side wall of the trench 5; the silicon nitride film 13 formed on the surface 
5 of the silicon oxide film 12, the insulator 6 whose bottom and side wall are in contact 
with the surface of the silicon nitride film 1 3; and the insulator 9 whose side wall is in 
contact with the surface of the silicon nitride film 13 and whose bottom is in contact 
with the upper surface of the insulator 6. 

[0044] 

1 0 The present invention is more effective if the trench 5 of the 

semiconductor substrate 1 has an aspect ratio of about 3 or higher. By forming the 
stacked insulators 12 and 13 on the surface of the trench 5 formed in the surface 
layer of the semiconductor substrate 1 and forming and burying the stacked 
insulators 6 and 9 in the trench, the element isolation region can be formed. 

15 

[0046] 

In a fifth example, in order to solve this problem, the silicon nitride film 
13 near the surface of the substrate 1 is removed. 
[0047] 

20 Namely, after the photoresist 1 1 in the trench 5 of the fourth example 

shown in Fig. 12(b) is removed, the exposed silicon nitride film 13 is removed as 
shown in Fig. 14(a). As shown in Fig. 14(b), an HDP film 8 is deposited. As 
shown in Fig. 14(c), the silicon oxide film 8 is polished to the height of the mask 
member 3 by CMP. As shown in Figs. 1 5(a) and 1 5(b), the surface of the oxide film 

25 9 is lowered its height, and the mask member 3 and buffer oxide film 2 are removed. 
With these processes, the element isolation regions 6 and 9 can be formed by STI. 
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[0097] 

The HDP film has a hydrofluoric acid etching rate similar to that of a 
thermal oxide film, even if the HDP film is not subjected to heat treatment after 
5 deposition. The HDP film can be buried in a trench having a high aspect ratio to 
some extent, and is an optimum film as an STI insulating film. According to the 
present invention, it is possible to bury a trench having a high aspect ratio with an 
HDP film, although it is impossible if conventional techniques are adopted. It is 
possible to manufacture STI having a high aspect ratio in future micro 
10 semiconductor devices, by using an HDP film. 

Figs. 10 to 12 are cross sectional views illustrating processes of a 
semiconductor device manufacture method according to a fourth example of the first 
embodiment. 

15 Figs. 14 and 15 are cross sectional views illustrating processes of a 

semiconductor device manufacture method according to a fifth example of the first 
embodiment 

1... silicon substrate, 2... buffer insulating film, gate insulating film, 3... 
mask member, 4... photoresist, 5... trench, 6, 7, 9... insulator, 8... insulating film, 10, 

20 11... photoresist, 12, 33... silicon oxide film, 13, 14... silicon nitride film, 15... 

polysilicon film, floating gate, 16... silicon oxide film, 17... insulating film, ONO film, 
18... polysilicon film, control gate electrode, 19... tungsten silicon film, control gate 
electrode, 20, 21, 22... silicon oxide film, 23, 25... main electrode region, 
source/drain regions, 24... silicon nitride film, 26, 27... insulator, 28... interlayer 

25 insulating film, 29, 31... titanium nitride film, 30... aluminum alloy film, 32... void, 36, 
37, 38, 39... insulator, 41, 42... opening, 43, 44... insulator, 45... photoresist, 46... 
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implanted ions, 47... gate insulating film, 48... gate electrode, 49... mask member, 
50... photoresist, 51, 52, 53... opening, 54, 55, 56... insulator 
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[oo2 8] cmmm 1 <om2<Dmito<D&m sg 1 on 

SSOJBffilCio^T. M/>f 5©1I^HDPI7^X 
y^>ybfc«OJB«tt. 0 2 (c) tc^fck^tc. v 

X*»3±JC«iaLfeHDPK7«JtLSoT^So 2g 
SOHDP|g8^itQ2-£3(gtc. CO^£SO$4i6*S 

4§HDP!8^Ki< hU>^5^:S*!)iit?Pl^ 
tc±tf£fci6. 2«g©HDPI8S;«a«ifct(T 

[0029] wTtcufig^j 1 <Dmz<Dnm<DBmic&z> 

*»»SBOS!ii^r£i:0 2 (c) tc^TXg (6) « 
[0 0 3 0] (1) ^tC N 0 5 (a) ^^Tcfc^^, 7 



p 

[00 3 1] (2) :fll/^M0*»5lfiB^ 

u ^iR-rnifs 05 (b) tc^-r^tc huv^s 

(O'tOWcUv'XM l^-r<fe3tc, 1/->*XM l£ 
SSfcLctrefctf-*?**. $fc c©«fcbfc#tti/S> 
xh l o^CDEjSt-Miyf^-y^LTtlSti 

So 

[0 0 3 2] (3) 116 (a) tC^?-«k5lC, 

ftlc, VX*;|#3©±©V>*Jti>5 H/yf-50HOffi± 
0HDPM7O&*C0MDS^ffiTSS-?iat£-r 

[0 0 3 3] (4) 06 (b) fCiSf hb-V^ 

[0 034] (5) 06 (c) fC^f<t3»C. HDPI 
8tf£ZlCi&m-fZ>o HD P18 ©if«-C*«\ 
3±©*i3:r3fcHD PM7 #:&<,HDT\ hU>75<D& 

fcHDPM6W*ta*n, H6asnr^4^huyf 

fe, l^fcgfTX^^ hit© H/>fe, 2*B©HD 
P18 ©italic, HtFsP-r FffTti <fc 5 T^tUf , 

c £; (c £ hUv^fcs££fcHDP^tcTigi6iiirc 

[0035] g»tc, jg i <vnm<r>Bmtmmic s is 

(8) ©03 (b) fC^-r<fc-5K, ->U3>i|fbK8«: 
CMPStCT-7Z^«3©^?ST'W^-r5. Xg 

(9) ©04 (a) JbM (c) die, miM9 

{fc»2*BJ*'r*. WiT'ST I tc<i:3X?ft-|Bfl(tf6 

i:9#flgj£-z?£5. 

[00 3 6] (*S£PJl ©^3©*ffi©J^») ^3©* 
fig©««T{±, HDPJK©it8[^©->'J3^S«l'N© 

fg3©*fi£©J£ffiT*«\ HDPM6it*^©-> 
1 '\0^-ffel»< , ft«)K» *"f, mi© 
tLt< HDPfR6£JI«>i&trffifc:. 0 7 (a) ta^T 
<fc -5 ic, COhl/yf5 ©rtg&£JHJ¥ 1 0 n mllgg?{fc 

u mm i 2«r»ja-r«. ^ur, 07 (b) tc^-r 

<fc?JC, HDPM6t7^it«-rSo 0 7 (c) (C^-T 
<fc?fc, fflgClifc L re HDPK 7 £B*£T 5 * 

£SftTU£5. C©#f»T'2gB©HDPfl§8©ii« 

IC&oTfctK HD PBI 8 ©«8W*©S"J aval's 
©^-^%K<'Ci:tflii3fcfc<<\> ^©£1631 2 S©£" 
^— ^kLT, 2j£l©HDP®t8£iii6i&tS'BU 
0 8 (a) C^f <fc 5 »C, ^fctcX* 1 OnmifiS 
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/0 

y 3 >S« l ^©^-^*B5 <*c 

[0037] mm*. & i ©nsfi©j^»©xg (8) © 

03 (b) fcra«fc, 09 (a) izmt£?lc. 
>&{fcJK 8 £ 7 * C M P fefCTTX 3 ©BS£ S T'Sf 
**-*..Ig (9) ©04 (a) 75M (c) fcflWJHc* 

VX^34i£U 0 9 (c) fc^-T <fc 3 IC/Vy 
70 ^rKffcfllZSBHfe-r*. J-X±T-S T I tc&Sflt&m 

[0 0 3 8] fcfc, #f^©fSffiMl©Sil3©Jfefi6©je 

«tc^^¥*^se«, 09 (c) k^-t^e. 
fc»5*wr**aM«Mgi t> ^©«5©i£ffitcg 

1 2i:, ^©J&filgl 2©^®tc, JSBirfiBffi^S-rs 

JK l 2 OMfiB(cllil«t»-r«i(MHI 33t, ?©f&flW 
3 3©*ffifc«flB#18U fft»flt6©±ffiK*ffi««»-r 

[0039] ¥IWMS*ri ©pswr^^Mfcaa* 
i ©^Mejgj5K*nfc»©*sa©ieiaji 1 2t3 3*& 

[0 0 4 0] (*S£#J 1 ©Sg 4 ©HfiS©^ffi) H 4 ©H 
»3©*»OJB»i:n«lc^ HDPjg©ii 
«^f© -> y n >SS 1 'n© * * - s?*RS <• c i: * B tt £ 
Lt^5, 1#E, HDPM6^rSi6iitrMKhU>^5 
30 rt*ttftLTfc</"fc»£\ «IHfci§«LfcHDPfll7* 
Hf*-r*IR. HDP«6*S#>iMrMei»u>*-5rtlc 
«*UfclMt«ll 2t.WWte|»**nTLS3. c©« 
*T?2*B©HDPfl|©ii«*fr3fc, 2SB©ita^ 

a, ->y 3>ssi A^tffraufcftoTfetj, hdpi 
8 *«$©s/ y =i >s« i <^<d#* —>-%is5 <* c t # m 

515*1/ ->o 

[0 0 4 1] ^©fc46, hU>-^5rt^^fkUTfe<ii 
^ ^3©3l)5g©^«©0 7 (a) ©Hfbxa©»fc. 
010 (a) fc^TJ;5fc, ->y=i>Sft]K 
40 (Si3N4) %iI10nmilS&IL<li:6nmS 

jg?: l p c v Drnx-mstr^o %<om±& \ is&ifmz 

[0 0 4 2] t%b-&, (1) H10 (b) tcSti? 
fc, C©Mx>^5lcHD PM6i:7^it«?-yrSo 

(2) 01 0 (c) tc^-r«t-7C, WgtC«l«UTV>5 
HDPl7«X7f>^i£t5. SSlEiSi^f 

/c-t±r^7^ri-y^>yT5Ci:tcJ:t), HDPI6* 
S«>jitrWtJ:M^>^5ffllSk:JgfiKUfcKftJSl 2*^x 
50 -y^v^n-Ttc^-S. (3) 2«c, 011 (a) tc^ 
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// 

t cfc o y * h l^x b 1 o *a*r5o (4)01 

l (b) tc^-r^aJC hl/yf s^^cu^xh 
1 l«rjS-r 0 (5) 0 1 2 (a) IC* 
»3±<0HDPH7tD*i*l»*r« o (6) 01 2 
(b) (Cg^T^-MC, hUVf 5rtt07thU^XM 
1 *K£t5o (7) 01 2 (c) iC^r^^K. HD 
PSI8 ItZZlcmmfZo (8) 01 3 (a) tC*cT<fc 
?tc. ->y3V»ftM8«:CMPj£JCTvx**t3 0JS 
««TIBt*. (9) 01 3 (b) (c) fcS*r* 
5fc, ^{tJK9 0Sffi;£?g£L&^> 7X^3^S 10 
U /^y7rlfefbH2«|»£ a r«e Wlt'ST nc<fc* 
IIHP»«W6i: 9 fbt> SlSl^tc 

H D PKDM(a§^-^MMt§ C fctfft 

CO 0 4 3] ft4b\ *9BROHttMl o«r4©«io« 
!B*c««*Slf*«Kti. 013 (c) tc^-r^tc, a 
Bti5**«*f#iSli:, ^OS50jg®£{RI 
ffiK*t , *«ffi**r*S/U3>WfcBll 2£. ^o-> 
UnvttftHli 2 ©affile. ■HaBW'TSS/Uavaft 
113^ *OS/U3V«ftJil 3<D«ffiK. JSffi£<ft! 20 
ffitf»r 6 fc. *:0-> U 3 VSfLSI 1 3 ©Sffi 

[oo4 4] .*m»m& i oi5»7x^* hit 3 mm 
i ©*ffit«««n/£» 5 oxik:ii$n««tti i 

2fcl3*J&3SU »Ort»^«MW*6 4:9S:aWLT 

So 

[0 0 4 5] (HSS#J 1 Olg 5 Of*lSg©7gffi) 50 
ffi«(C*3l^S T I *&f&?%t. 013 (c) 
^r £ 9 ic. S T I ffi|g(i»<,^> "J =z vifcffcBt 1 2 t * 

C0 0 4 6] ^ct% m5<omm<ommvit. ±ieo® 

iftll3^£t§ 0 40 
[0 0 4 7] t^^, S 4 CDHS£CDS^O0 1 2 
(b) IC/fxt h U>f 5 fl07 * h l/^X h 1 1 *Rfc£ 
L/cf&ic, 014 (a) tc^r<fc-5*C. BlilL/c^U^ 
>gftJHl 3*l^£f5o 014 (b) fcjRr«fcdtE\ 
HDPK8£;£5Kifarr*o 014 (c) ICSWVfca 
(C, '>ya>»ffcK8€:CMPj£JCTvX*a-30iS« 
S-CW*T* 0 015 (a) £ (b) fc^r^-JK, ft 

7^»ftM2«:l»56f So W±7S T I Kl 

«*6i: 9 JO 
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[0 0 4 8] ft*5. S4<D^jS<Z>Jgj8©EI 10 (c) IC 
3RThU>*-5 0«fi±oai7*Hi*bfcak:, 0 1 5 
(c) ic^-f BtBbfc->U3VSft«i 3£&fc 

[0 0 4 9] Sft, ^KROHttlM 1 OX 5 OUttOS 
&lc«S¥*f*igBfcJ:. 015 (b) fcS-r-fcdlc. s 

aB»caj-r*«aB**f *s/U3>iwt«ii 2t, *©s/ 

■3V»-r*l6«*6i:. W>'J3>mi 2 OS® 
fc«ffi#*U «S»ft6 0±aSi:*>U=i>Bfk«l 3 0 

[0 0 5 0] ¥«#S« 1 Ol5tf7X^<* Mt3g* 

i o*ffitcjgdi*nrc« 5 osffiic««sn£*&iiK 1 

2fcl3*JB«U »Ort»Ki*e«i*6i:9«rSWLT 

So 

[0 0 5 1] OOMlO«6 0mtO«tt) 9I6<D|| 

(a) o*us/U3>^6ft*y— s^st 
1 fc ft« h 5 i: IBI^nicStf U huyf 5 

Vv^X* (FET) *fcfcSMI^fil?a&*o 
[0 0 5 2] St*. 0 16 (a) tC^Tcfc 5 «>'J3 
>*«1±K1. ^S5Stt*^U^UDh>iM/ (Tun 
nel) BtftKfcftSKJJl 0 nm0^ft^2, SSJfi-y 
-h©-SP£ftS#U i/Vzi> 1 5> ^7/«3i:L 

y77^Iii:x7f>^k:cl:0, 4: ft* 

«g«*c«5*JBSo ^#Wic&**y:/»3, 
Si 5. S/'j3y»ffci2tlfil6«*xyfyifT 
So *?#BUB©»|5 13^1 Sttgafi^WKJB 
«Sn«»»cft«o HCl +te!i««?»««oai5 0 
SSSti, 3 0 0 nmir^ofcggSTSSo 

[0 0 5 3] ^tc x 016 (b) tc*rr<fcdtc, HDP 
K8 0«ia«fOS«l 'NO^— S^«:BEF<*fc»tC N HD 
P® 8^:ili6iiCfWtC. ^#>, 5^rt^ 

Mi?i 0 nmmmmit?z>o c<omtiz*v> (03) 
'j->»j3>ii/y 3>fcoiifbu— ho«#/h*<, Pe3 
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#T'#-3o $fc, 07 (a) <Omi 2fc08 (a) <DJ3i 

-f 3Cfc#T*£5 0 
[0054] 016 (c) C^f*? fc, HDPI85: 

ttm-r s. 1 6 <omm v > v n > 1 5 <d®jii 

T-feJP<£?>fc^(OT', PPtfSKfc9S#&2M£tf# 
{fc-rscfc«&v\ ^WiKkSrm^fcit^y:, hdp 
iH5W)i * tf l p - t e o s mic 5 v u >m<tm 

(Dlt&3&<&T*fcil&i£M£«&<$:-5o *v>m 
ftfc & 5Sfe^'ti(05ScS<D±fS(±^ U y n >- 1 5 © 
*&V>07 (a) OitSfDa^ii^ftST'-p^So -T&fc 

x.5fc£ti:, HDPK<Offi46ji*»CttMl7!iS5©j|fiS 

So 

[0 0 5 5] fc*5, m6<D$m<D&mV&. bls>^5 
aTt.*'Jf'J3yi 5t5"J3^fil £<DM{tU- 

U3>««l*©fc±lcfc<,<<T#* (Hz) fcHJiS (O 

2©»ft«H:, mm-zm^xwm^'stifr (o*) 

ij 3 1 **Mffr*A![T?**. * VvKffc 
Tftt, *vr>*tt£-r«3 00K)RIE? (O) CD^-Sl 

&So S^7^#;Wi:*:£fc&{fc2j*#U co&ftxj 
tc«fc 0 BKbKJSttSJBlciEC 0 , RftaStttlSJR^y* 
;WJ&»i^nr^5 0 c<acfcic£D, KlfS^^* 
;He J: S&ftT-fc*, S>*;l/©fl8S*#* L<^ fc# 

^.sns^y^y^^i 5 fc^ynvsisncjo^T, 

[0 0 5 6] 01 7 (a) ICjjVT <fc 5 K, ->V=i>fflk 
I8^CMPSKf7X^#30ig^ST'lSt5o 0 

17 (b) t (c) fC^-r<t-5C, M9«Sffi?:i 
fcL&*, vX^tJ3*i£f5, W±T'STIICJ:5 
H??#SSi3i« 1 6 fc 9 ftTOtf-C* So 

[0057] tit. ^fmonmrn 1 com6<onss£o^ 

ttf«:«3¥gtt&Bfcl:, 017 (c) (C7jVr<£5tc. « 

ffitcig 5 1 fc, mmi v>mm±icm 

*g*iJgi2fc, IMMI2 0aiB±CHt*6n, ?S5(D±fC 
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fcflt!lffilC&L§il 5(DilnaK}NiEIC)tir«KB$« 
U ■UWWS-fci'yavWtJIl 6fc, tOf'iay 
gSffcJSil 6cD3?ffitc. jS®fc<ld®tf&TS*&M*#9fcT- 

li^ns. *n»«Rio«i5fl'rx'<*hJt3fUt 

So 

[0058] Gtttm 2 ) mmm 2 fc lt, *%b^^^ 
bets, 025 (b) &*5zm<ommM 2 \cmz*m# 

1 fc, Sffi 1 ©±«K:»tt5n*«»<Dy- 
g« 1 ±.icm®-znrcmmm6, 2 6fc9fcT*«i£2n 

So 

[0 0 5 9] 1 0±»KJ±y— X • F W >W&£ 
&S»« 1 fctt**g0A&«¥*ttfNl« 2 3 2 5 

•fe;KD h (T u n n e 1 ) i!{tJgifc&Sffi!JI 1 0 

20 nmO«ftSl24:, «2±o»aiy-ho— at*** 

mi 2 5 nmO*yj"J3>'l 5 fc, ajOJS/UnVl 5 
±©KP1 0nm<DONOK^fc*<D^iyKl 7 fc, Ml 

7 toimmmmtftzmmi 2 5nm<D^y~>yn>2 

2hlf 1 0 0nmO^^XfVv"j3> (WS i) 
Ml 9 2:. Hi 9 0±<D^^-yy*ffclxT«*|-r«MJP 
1 5 0 nmOV'J 3>^fkM3 fc, Ctl&<0ffl!lffilcl8tt 
5.n§X^- +)"fcLTiatg-r5J^S2 0 nm<D->'J 3V 
gft^2 4iT?i«SnS. y-h«SgP<Otf-y5 L «2 
0 0 nmT\ t<D^-(y • T>Y • 1 0 0 n 

30 mfc 1 0 0 nraf$5 s ^mWWS. 1 «r<£Mfc U flOk 

nm, gH2#5 2 0 nm, 7X^^ hit* 1 ! 3 ^SA 8 tc 

n-r, twMh7y>*x^ (fed t»»cfeafflRrin 

T'SSo 

[0 0 6 0] 01 87bS2 5ti, *%B^©*fiSM 2 
5^*f*^g©^3g^S^^-rxg»f®0T'SSo 
fiRJ 2 «Mm«*«©«ifc6r8:li, iiSZA^^ hit© h U 
V^^-rsy-httffiHCHD PM***^^ 

fcH D P^^X-y ^><7*LSjSH D PH^it^-r^ C fc 
*lHX«WRll«»)iI-r. CfcK*0» «*TfttHD 
PMT?<DS*ii*^nI*g*iaf7'^^^ h©H/^H 

d PSifcra46jits'75-s-esSo 

[0 0 6 1] ( 1 ) 0 1 8 (a) (C^-rj;5(c, 

pS->'j3y (s i) S1£i±K, ^»^14>«*»J-tr;l/ 
O h (T u n n e 1) mitmt&zmm 1 0 n m 

<D^ft)S2, j^iSy-hfc^S^y->y3> l 5, ON 

jo oki 7, ntmfm£.&z# t J$' , )^>i sfcws n 
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[0062] (2) #tc, m=pmic?-bnWi%:ftM? 

So 018 (b) lc^-r<fc-5lc, 'jy^77^ISi:x 
»y^>ytj;0. ^5£SSSo a*»lCii*fy7ff 
3. WSiil9, #U5/y3yi8, ONOI17, 

TSo 

[0 0 6 3] (3) 01 9 (a) KfUK 
2 07SS2 2*«*tflRWtttlcAO0j«-r*. CCQH 
JPttffl*tt 1 Onm^^/cifT^So 

[0064] (4)019 (b) tcarr^dlc. *Y*y 

«i«2 3 

[0 0 6 5] (5) 020 (a) icavT J: -5 ->Un 
V^{bfll* C V D mvmm 2 0 n m@j*j£S£ U j£j£f£ 
>ft>xyfyy (R I E) ST4iBxyf;W*t* 

So 

[0 0 6 6] (6) 02 0 (b) ^T^dtC, ***y 

®«2 5*bj£~?z>o £<Dctic&o. v-x • 

[0067] (7)021 (a) IC^T&olC, C<Dh 
±g^cit*gTSHDP§i7tf. M/>f5WlP^S<* 

6 0 n mt'sntf, mm 2 0 0 n mSj^Jt^-r S H 

DPJ»6t?ffi«)iiSnfcaESfe2 0 0 nmgftteftlK 
HDPK7Offl!lSeB<0JKJPti-tO*?I 1 0 5*<D 1 02 0 n 
mMtftC^So BBP*B6 0 nm<Dhls>?~5<DMm<Dm 
Ilc2 0nmO«7tf«l8[«i:, S^n§fflP(ilO 
n mtr&So 

[0 0 6 8] (8)02 1 (b) k:^-Tcfc^fc. 
^^i7h (We t) xyfyyjH, y = #;l/K 
7^X>yfyy (CDE) , Xtts 7 7WI« (VP 
C) ffi&iffcffll^T, «fifcii«LT^*HDPM7*: 
X7f>^£t§ 0 TOcHDPl6fc7^SS(i 

So fflfctf* MS 2 0 nmO<fflSS50JR7*|»£'rSfc 
K6©±gBfegii*2 OnmSfi^sn^A^ fefcOgg 
S 2 0 0 n m<D 1 fUtCiir t\ i^^ 1 8 0 n m»tt«« 

nso 

[0 0 6 9] (9) #tc, 7* h*£ffilc£flJ 
U l/^H0*CDEfiT4IX7f^m B 
02 2 (a) (C^TcfcdtC, h U>f 5 <0^<DMC Uv 7 

[007 0] (10) 022 (b) tC^TcfcdK, 



/<5 



[0 071] (11) 023 (a) \Z.7tt&o\Z, his 
>*5ft<D7* hUv^Xh 1 1 C D EffiKTJSMfl 

[0 072] (12) 023 (b) KaVT <fc 5 HD 
PI2 6*£&lCiiia*rSo HDPI2 6^«»^ M 

«fcra«Kl6 0nm6(0T\ SIJS 2 0 0 n mggitgT* 
HDP«2 6T?a»ii»«iRSfe2 0 0nml*»c 
&S Q HD P^2 7<Dffi!lliSl$O^JP& 2 0 nmiglc^: 
/0 SOT, PiPfe 1 OnmlSSSnSo I6i:26^ 
fcHSTc^fhOSfti&WKSfi 3 8 0 n mtcMTSo 

[0 0 7 3] (1 3) 02 4 (a) KlSWJ^le, «9ft 
KftifO^x-y h (We t) xy^->iffflSS:if*fflv^ 
T\ fflieti:lt»ILT^*HDP«2 7*Xy^->^»* 
"TSo HBSfclHD PI2 6 t 2 7<D±Sffiti:*3rWlCX 

0 n mOffllggp^ 2 7 i:l2 6 <7)±g£k£! 
S2 0nmifi|»SSn«tf, t,^S^20 0 nm(O 

1 Mfca*f«\ i£2 I 8 0nm»tt8StU 16^26 
20 ***>*jfc^ff-©ggSfci:3 6 0nm^§ o 

[0 0 7 4] (14) XI (9)M(11) 

W&ft\i\ 02 4 (b) tC^T£?^ N ^7,?tt3±<D 
HDPI27 ©*«:Bft*r So 

[0 075] (15) 025 (a) tC^T£?^ HD 
PK8*;£5fcti8ir*o HDP«8 0*t8(T«d:. Sa6 
5i$ntt^l50aDOi»Jtf 1 6 0nm, MPfi 
Ii6 0 nm-p7X^ Mttf 3 6(Tt4«OT\ HDP 

So 

30 [0 0 7 6] (1 6) ft&fcls 02 5 (b) K7jrr<i:? 
tc. i/U3>ggfbJK8«:CMP}£tcTv^^«30ilfS 
STWS-TSo 

[0 0 7 7] (HSSM3) HfiSflJ3£LT, *3SW*¥ 

W? So 0 3 0 ti*SW<0lOISflfy 3 ICft«¥**£«4) 

¥SS#g« 1 fc. «g 1 ±tc|Stt6nrcilF^I6^M2 8 
K 2 8±tcKc*&nfc«»0**;UBE«2 97bM3 

1 «BHA^aao^#;I/BE«2 97iS3 1 <DTJi<Dm 

*)\sWM2 9/bS3 i <D±7j<DmmtmL, met** 
^nso 

[0 0 7 8] *Z)Vm&2 97bS3 1 HU US2 8±Ol 
140 nm<D^t3 L Z>m2 9 j§ 2 9±<QS/S2 4 
0nm©7;^x»>A^l3 0t ^3 0±<DM/P2 
0nmOaftf#>H3 1 fcT«J«Sn« 0 * *sl/EJ> 

2 9 7!jS3 1 CDfcf 2 0 0 nmT\ M7^> ■ 7 
> K • X-^— Xt± lOOnmiilOOn mT'^Sp ffi 2 

50 8*l£ffi£U a»0^*;l/B»2 9 7iM3 l<0«fi* 
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WcEk^r lOOnm, Miff 3 0 0 n 

[0 0 7 9] 0 2 6 7^jS3 0 W\ #f8W©^*0« 3 

m 3 <D¥m<*mm<ow&xm&. nr^t btt<o bu 
9)\&am\c hdp mztm^ts^m 

[0 0 8 0] (1) $*f\ 02 6 (a) \Ct*T£v^ 
^Unvglgiitc. BK*6iltflS2 8. SHfc*-*>«2 

[0 0 8 1] (2) &*C. eB«fc«»rS« 0 2 6 

(b) fc^vTcfcotc, , jy^77^iShx7f>^c 

£0, rt5^ffl^o ftf*«fc«±Sft:*-*>M3 1 x TJl 
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This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 

BEST AVAILABLE IMAGES fH 

Defective images within this document are accurate representations of the original' 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

^ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

□ FADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: ■ 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



